1988), and a more precise quantification of these risk factors in nulliparae is therefore of interest.
As the information on the aetiology of breast cancer in nulliparae is sparse, we have analysed hormonal, reproductive and general lifestyle factors for breast cancer in nulliparous women using the combined data from two case-control studies conducted in Italy.
MATERIALS AND METHODS
The data were derived from two case-control studies of breast cancer, the first one conducted between January 1983 and May 1991 in the greater Milan area (La Vecchia et al, 1987) , and the second one between June 1991 and February 1994 in six Italian areas: greater Milan, the province of Pordenone, the urban area of Genoa and the province of Forlì, in northern Italy; the province of Latina, in central Italy; and the urban area of Naples, in southern Italy . The interviewers were centrally trained, and the structured questionnaires tested for reliability and reproducibility D'Avanzo et al, 1997) . In both studies all interviews for cases and controls were conducted in hospital; on average, less than 4% of cases and controls approached for interview refused to participate.
The overall dataset included 5984 cases aged 22 to 80 (median age 54) and 5504 controls aged 15 to 80 (median age 55) and from these we identified 1041 nulliparous women aged 22 to 79 years (median age 56) with incident (i.e. diagnosed within the year before interview), histologically confirmed breast cancer, admitted to the major teaching and general hospitals in the areas under surveillance.
Controls were 1002 nulliparous women aged 15 to 79 years (median age 54), residing in the same geographical areas and admitted to the same network of hospitals where cases had been identified, for a wide spectrum of acute, non-neoplastic conditions unrelated to known or likely risk factors for breast cancer. Of these, 37% had traumatic conditions (mostly fractures and sprains), 28% nontraumatic orthopaedic disorders (mostly low back pain and disc disorders), 13% were admitted for acute surgical conditions (mostly abdominal, such as acute appendicitis or strangulated hernia), and 22% for miscellaneous other illnesses, such as eye, ear, nose, throat and dental disorders. Women were not included if they had been admitted for gynaecological, hormonal or neoplastic diseases.
The questionnaires included information on personal characteristics and lifestyle habits, including education, marital status and other socio-economic indicators, smoking, alcohol and coffee drinking, anthropometric variables, diet, menstrual and reproductive factors (such as age at menarche and menopause, menstrual cycles and number of abortions and births), selected medical conditions, history of lifelong use of OC and HRT, history of benign breast disease (BBD) and family history of breast cancer. Postmenopausal women were those whose menstrual period stopped within at least 1 year; the self-reported age at menopause was missing for four cases. Body mass index (BMI) was computed according to Quetelet's index (kg m -2 ). The more recent study collected also information on physical activity and more detailed diet information, through a food frequency questionnaire including information on average weekly frequency of consumption of 78 foods, food groups or recipes . To compute energy and selected nutrient intake, Italian food composition databases were used (Salvini et al, 1998) .
Data analysis
Odds ratios (OR) of breast cancer, and the corresponding 95% confidence intervals (CI) were derived using unconditional multiple logistic regression, fitted by the method of maximum likelihood (Breslow and Day, 1980) . All the regression equations included terms for study, centre, calendar year of recruitment, quinquennia of age, education and marital status, plus further terms for menstrual, reproductive and hormonal factors, when appropriate. Table 1 gives the distribution of 1041 breast cancer cases and 1002 controls in nulliparae, and the corresponding ORs according to age, education and marital status, in separate strata of menopausal status. Compared with controls, cases were more educated, the overall OR being 1.56 for ≥ 12 years of education compared with < 7, and more often married, the overall OR being 1.24 for ever married compared with never married. The association with education was apparently stronger in premenopausal women.
RESULTS
Menstrual and reproductive factors are considered in Table 2 . In premenopausal nulliparous women, there was a significant inverse relationship with age at menarche, with an OR of 0.45 for those reporting menarche at age ≥ 15 years compared with < 12. No significant relation emerged in postmenopausal nulliparae. No clear relation of breast cancer risk with duration of menstrual cycles was observed; however, women reporting totally irregular cycles were at nonsignificantly reduced breast cancer risk (overall OR 0.73). A significant trend in risk was observed with later age at menopause, with an OR of 1.91 among nulliparae aged ≥ 53 years at menopause compared with those aged < 45 years. Abortions were not related with breast cancer risk either in pre-or postmenopausal nulliparae. Compared with women reporting no abortion, the OR was 0.92 for any spontaneous abortion, 0.97 for any induced abortion, 1.17 for one abortion (either spontaneous or induced) and 0.77 (95% CI 0.52-1.14) for ≥ 2 abortions. Older age at first abortion was associated to breast cancer risk: the overall OR was 1.75 (95% CI 1.03-2.97) for ≥ 30 years vs < 30 at first abortion.
OC were used by 110 (12%) cases and 91 (10%) controls, and HRT by 62 (10%) cases and 46 (9%) controls. The OR was 1.62 (95% CI 1.14-2.30) for 'ever used' OC and 1.69 (95% CI 1.07-2.67) for use lasting 2 years or longer (Table 3 ). The OR was 1.22 (95% CI 0.81-1.84) for 'ever used' HRT, in the absence, however, of a duration-risk relationship, the OR for use lasting 2 years or longer being 1.28 (95% CI 0.66-2.45). Table 4 considers family history of breast cancer risk and personal history of BBD. The OR was 2.71 (95% CI 1.85-3.95) for family history in a first-degree relative and 1.60 (95% CI 1.20-2.14) for a personal history of BBD; these associations were similar in pre-and postmenopausal women. Table 5 considers BMI, physical activity and selected dietary indicators. In premenopausal nulliparous women, a nonsignificant inverse relationship was observed with BMI: the OR was 0.82 for women whose BMI was ≥ 25 compared with < 20. In contrast, a nonsignificant direct trend in risk was observed in postmenopausal women, with an OR of 1.28 for heavier ones. Compared with women reporting a low level of physical activity, the overall OR was 0.79 (95% CI 0.54-1.16) for nulliparae reporting intermediate or high activity, with no material differences between pre-and postmenopausal women. A direct association of breast cancer risk with total energy intake was observed: the OR for the highest tertile of intake compared with the lowest one was 1.36 (95% CI 0.52-3.52) among premenopausal women and 1.72 (95% CI 0.91-3.23) among postmenopausal women (overall OR 1.65, 95% CI 0.99-2.75). No apparent relation was observed between total alcohol intake and breast cancer risk in premenopausal nulliparae, while a nonsignificant elevated risk was found in postmenopausal (OR of 1.23 for drinkers of > 1 drink day -1 compared to nondrinkers). The intake of beta-carotene -a nonspecific indicator of fruit and vegetables -was inversely related to breast cancer risk, with an OR of 0.68 (95% CI 0.29-1.59) in premenopausal women and 0.53 (95% CI 0.29-0.96) in postmenopausal women for the highest tertile of intake.
DISCUSSION
The present study indicates that most recognized risk factors for breast cancer also operate in nulliparous women. These include education, age at menopause, OC, HRT, family history of breast cancer, personal history of BBD, total energy intake and BMI in postmenopausal women; moderate inverse relation emerged with age at menarche in premenopausal women, irregular menstrual cycles, physical activity and beta-carotene intake (Trichopoulos et al, 1972; Pike et al, 1983; Willett, 1989; Block et al, 1992; Hunter and Willett 1993; Parazzini et al, 1993; Longnecker, 1994; Collaborative Group on Hormonal Factors in Breast Cancer, 1996 Gammon et al, 1998) . For some variables the sum of strata does not add up to the total because of missing values. a Estimates from multiple logistic regression equations including terms for study, centre, year at recruitment, age, education, marital status, age at menopause, oral contraceptive and hormone replacement therapy use and all the above variables. b Reference category. c Based on 401 cases and 308 controls (second study only).
A strength of this study is that it included over 1000 nulliparous cases and 1000 controls, and was therefore large enough to provide reasonably stable risk estimates. Most estimates were consistent with available knowledge of breast cancer epidemiology, indicating that it is unlikely that parity is a major modifying factor of breast carcinogenesis.
Most other strengths and limitations of this study are common to hospital-based case-control studies (Mantel and Haenszel, 1959; Breslow and Day, 1980) . Although this study was not populationbased, cases were identified in the major teaching and general hospitals of the area under surveillance, the participation of cases and controls was almost complete, and the hospital-based design may improve the comparability of recall of several covariates by cases and controls (Breslow and Day, 1980; D'Avanzo et al, 1996 D'Avanzo et al, , 1997 . Only acute conditions, unrelated to known or potential risk factors for breast cancer were included in the comparison group. Some fractures in older women are hormonally related; however, separate comparison of cases with major diagnostic categories of controls (traumas, other orthopaedic, other diseases) produced comparable results. Reproducibility and validity of the questionnaire was satisfactory D'Avanzo et al, 1996 D'Avanzo et al, , 1997 Decarli et al, 1996) . The results were similar in the two studies (La Vecchia et al, 1987; Talamini et al, 1996) , confirming their consistency. Further, adjustment for education, lifestyle and menstrual characteristics did not appreciably modify any risk estimate.
A major limitation of the present study is the absence of information on the reasons for nulliparity, whether infertility or avoidance of pregnancy A proxy indicator of this difference is given by marital status, an excess of married women among cases pointing to a possible role of subfertility. However, the main findings were consistent for ever married and never married women. Moreover, no consistent association has been reported between breast cancer risk and history of medically diagnosed infertility (Weiss et al, 1998) .
Of specific interest is the absence of any association of breast cancer risk with spontaneous or induced abortion. Experimental data in rodents suggested that abortion before a full-term pregnancy increased the yield of breast neoplasms (Russo and Russo, 1980) and epidemiological support to a specific role of abortions before first birth came from a case-control study of women aged 32 years or younger at diagnosis (Pike et al, 1981) . Epidemiological data on the relation of abortion with breast cancer risk in the general population are controversial (Daling et al, 1994 (Daling et al, , 1996 Brind et al, 1996; Newcomb et al, 1996; Rookus and van Leeuwen, 1996) , although the available evidence does not indicate a major association in the general population or in nulliparae Michels et al, 1995; Tavani et al, 1996; Melbye et al, 1997; Palmer et al, 1997; Wingo et al, 1997) . The lack of association in this study does not support the hypothesis that an abortion before (or in absence of) the maturation of the breast tissue induced by a full-term pregnancy plays a role in the process of breast carcinogenesis (Boyle and Leake, 1988; Key and Beral, 1992) . Compared with women aged less than 30 years at first abortion, the OR was elevated in those reporting their first abortion at age ≥ 30, suggesting that age at either full-term or incomplete pregnancy may have a similar influence on breast cancer risk (MacMahon et al, 1970; Lipworth et al, 1995; Michels et al, 1995; Decarli et al, 1996; Melbye et al, 1997; Wingo et al, 1997) .
The associations with OC and HRT are consistent with the results of systematic reanalyses of individual data (Collaborative Group on Hormonal Factors in Breast Cancer, 1996 . We were unable to estimate risk for current female hormone users because of the low prevalence of use among Italian women. We found, however, a slightly stronger association for both OC and HRT. These differences may be due to chance, as in our population OC and HRT use was relatively rare, or to some unavailable correlate of oestrogen hormone use in nulliparous women in Italy.
It is, moreover, increasingly clear that certain well-recognized risk factors, including high educational attainment operate beyond their reproductive correlates and may be indicators of high risk at early age. In our study, age at menarche and educational attainment seemed to exert more influence in premenopausal nulliparous women.
In this (La Vecchia et al, 1987 , Talamini et al, 1996 and in most other studies (Kelsey, 1979; Kelsey and Horn-Ross, 1993; Lipworth, 1995; Weiss et al, 1998) nulliparous women were at elevated breast cancer risk compared with parae. The similar magnitude of associations in nulliparous compared with parous women for a number of modifiable risk factors may have implications in relation to preventive measures Rothman and Greenland, 1998) , because intervention in these factors, such as dietary factors and physical activity may have a greater impact on breast cancer risk for nulliparous women.
